The knockout mouse is a beautiful tool that can be full of surprises due to hidden features that become evident after much work, time and money have been spent. This could have been the fact in investigating the e¡ect of an invalidation of the gene coding for collagenase 3 (MMP13), the matrix metalloproteinase (MMP) most operational in the turnover of ¢brillar collagens in the mouse. The presence in the mouse genome of orthologs of the human MMP1 (interstitial collagenase) and MMP8 (polymorphonuclear leukocyte collagenase) could have obscured the e¡ect. A much smarter procedure for inducing a defective collagen degradation has consisted in targeting mutation(s) in the a1 (I) collagen gene at the location of the unique locus containing the cleavage site of all three collagenases (Liu et al, 1995) . Mice homozygous for this mutation called 'collagenase resistance' (Coll I a1 r/r ) have been used to investigate its impact in the healing of incisional wounds (Beare et al, this issue). The following features were observed: (1) The incisional wound in the coll I a1 r/r mouse produced a gap that was larger than in the wild-type animal. The scab covering the wound was more important and contraction of the defect much slower; (2) Epithelialization was delayed and not yet completed at two weeks in the mutant mice while epidermis had covered the whole surface of the wound in the wild type after 7 days; (3) The in¢ltrate of in£ammatory cells was more persistant in the mutant animals and the density of the macrophages was higher; (4) In or near the wound, MMP13 was increased and more persistant in the mutated mice while other MMPs were similarly expressed in the mutant and the wild-type. (5) No di¡erence was observed in the accumulation of ¢broblastic cells but the expression of a marker of myo¢broblast di¡eren-tiation (a SMC-actin) was reduced in the collagenase resistant animals. Cell proliferation was unchanged; (6) The ¢nal scar was similar after 70 days of evolution.
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When the di¡erences in the healing process are viewed by a collagen addicted mind, explanations additional to the discussion of Beare et al could be proposed. They are based on the fact that collagen operates in three main processes in mammals. It is a structural protein forming polymers to provide the tissues with mechanical resistance and £exibility. It also represents a distinct and speci¢c support of most types of cells controlling polarity, migration, multiplication or apoptosis and phenotypic expression. Collagen performs these functions through its recognition by speci¢c integrins and transfer of vital mechanical signals. Finally, its breakdown products can act as di¡usible signaling molecules. The MMPs also display a variety of functions by degrading several types of collagen, by processing cytokines and growth factors and cross-activating other MMPs. In the collagenase resistant mice, degradation of collagen type I is not suppressed as it would make growth and development so disturbed that life would be compromised (Liu et al, 1995) . It uses another pathway, although probably less e⁄ciently.
The many properties of polymeric collagen type I o¡er a large range of biological mechanisms that may be disturbed when its degradation is impaired. (1) The rheological properties of skin depend on the waving arrangement of the bundles of collagen ¢-bers maintained by elastic ¢bers in the viscous extracellular space. The excess of type I collagen ¢bers related to the reduced remodeling (Liu et al, 1995) provides the dermis with an increased potential for a recoil activity similar to the human lines of Langer. This might be responsible for the wider gaping and slower contraction. Similar features have been described in the incisional wound of tight-skin mice even in the presence of an excess of granulation tissue (Agren, 1994) . (2) It has been clearly established in vitro that keratinocytes need to degrade their support to move on collagen I (Pilcher et al, 1997) . In vivo, in the collagenase resistant mouse, the initial rate of epithelialization is delayed but only temporarily, and epidermal coverage proceeds rapidly later on. Since interference with the plasmin pathway produces the same e¡ects (Romer et al, 1996) , one may wonder whether the keratinocytes might choose their path to migrate across the defect on the £oor of collagen or within the ¢brin-¢bronectin scab. Both the plasmin and the MMP pathways are simultaneously operational as recently reported (Netzel-Arnet et al, 2002) . (3) The more persistant in¢ltrate of in£ammation-related cells questions a potential mechanism in which a gradient of collagen breakdown products might be involved in the control of their migration or survival. Such a process has been described in smooth muscle cells (Carragher et al, 1999) . (4) Collagen not only serves as a building block for creating resistant structure but also represents a de¢ned support for many types of cells expressing integrins of the b1 family (a1, a2, a9, a10 and a11). This connection transfers the mechanical messages transmitted by the ¢brous framework to operate in collaboration with the di¡usible signaling molecules in the control of the phenotypic expression of a large variety of cells, resident or migrating. Traction stimulates the anabolic phenotype of the ¢broblasts; stress relaxation increases the expression of the MMPs (Lambert et al, 2001) . The overexpression of MMP13 observed in the wounds of the mutant mice might depend on a persistant relaxation signal at the section edge transferred by the collagenase resistant support. (5) The reduced di¡er-entiation of the ¢broblastic cells in the granulation tissue of the collagenase resistant mice needs additional investigation. Although it is known to depend on TGF b1, another potential stimulator of di¡erentiation is mechanical forces transmitted by the ¢bers of the provisional matrix. As collagen type III synthesized in the granulation tissue (Kurkinen et al, 1980 ) is susceptible to degradation by MMP13, the migrated cells might lose this initial collagen support. Migration would not be modi¢ed since the scab contains ¢brin-¢bronectin, a support well recognized by the ¢broblastic cells, but the mechanical induction of the di¡erentiated phenotype could be impaired. (6) After the time required for developing the scar, no signi¢cant di¡erence could be observed. It would, however, be interesting to measure the tensile resistance of the scar and bet that it will be lower in the Coll I a1 r/r than in the wild-type. The mutation responsible for collagenase resistance is indeed located in the collagen molecule in a domain that regulates ¢bronectin (Dzamba et al, 1993) and collagen ¢brillogenesis (Velling et al, 2002) .
A good cocktail of ingredients is required for a successful enzymatic reaction in a test tube. Although the in vivo situation and the process of healing are many times more complex, the reaction will also be successful when the mixture contains the substrate of Steve Krane and runs with the experimental expertise of the team of Mark Ferguson.
